Abstract-In this study, a model predictive control (MPC) strategy that combines finite-control-set MPC with selective harmonic elimination (SHE) modulation pattern in its formulation is proposed to govern multilevel power converters. Based on a desired operating point for the system state (converter current reference), an associated predefined SHE voltage pattern is obtained as a required steady-state control input reference. Then, the cost function is formulated with the inclusion of both system state and control input references. According with the proposed reference and cost function formulation, the predictive controller prefers to track the converter output current reference in transients, while preserving the SHE voltage pattern in steady state. Hence, as evidenced by experimental results, a fast dynamic response is obtained throughout transients while a predefined voltage and current spectrum with low switching frequency is achieved in steady state.
I. INTRODUCTION

M
ULTILEVEL converters (MCs) are an interesting technology for medium/high-voltage and high-power applications, such as high-power AC motor drives, active power filters, and integration of renewable energy sources to the grid [1] . MCs enable power converters to reach high power levels using medium-voltage devices, improve the quality of output waveforms, and reduce detrimental effects, like common-mode voltage [2] .
Since MCs are comprised of several internal power switch arrays, a variety of modulation techniques have been proposed to handle them [3] - [5] . They allow MCs to generate staircase switched waveforms to synthesize a desired converter output voltage with an adjustable amplitude, frequency, and phase fundamental component that is, in general, sinusoidal in steady state. Hence, a modulation stage for high-power converters is aimed to generate high power quality (low harmonic distortion) with minimum switching frequency (reduced commutation losses). These two requirements compete with each other and, therefore, it is considered one of the major challenges in high power MCs [1] . One of the earliest modulation technique to address this issue is selective harmonic elimination pulse width modulation (SHE-PWM) [6] . This multilevel modulation technique provides a desired converter output voltage spectrum of a PWM power converter by optimally eliminating selected, typically low-order, harmonics [6] . To do this, a Fourier decomposition over one fundamental period of a PWM voltage waveform is performed. Thus, the transition instants (or switching angles α i ) are optimally obtained in order to eliminate some undesired harmonics while regulating the fundamental component to the required value. As a result, high-quality waveforms with low switching to fundamental frequency ratio and low switching losses are obtained [7] . Despite these favorable features, implementing a closed-loop control strategy for power converters when using SHE-PWM is not a trivial task [8] .
Regarding the control of power converters, model predictive control (MPC) has emerged as a promising alternative to govern MCs [9] . MPC obtains the control input to be applied to the system by solving, at each sampling instant, an optimization problem which forecasts the future system behavior over a finite horizon. Several predictive control embodiments have been proposed in the literature to govern power converters, showing that these approaches may, in some cases, outperform traditional PWM-based controllers. Among them, finite-control-set MPC (FCS-MPC) is one of the most popular predictive controller for power converters due to its flexibility and potentiality [10] - [13] . FCS-MPC expressly considers the power switches (or voltage levels) in the optimization problem as constraints on the control inputs [14] . To solve the optimization problem, all the possible switching combinations are evaluated in the cost function. Then, the optimal power switch combination, which minimizes the cost function, is directly implemented as a control input of the power converter. Thus, modulation stages to handle power switches are not required.
Despite the advantages that FCS-MPC offers in principle, there are some issues that still remain open. One of these problems is related to the steady-state error obtained when using FCS-MPC. To alleviate this issue, modifications to the cost function have been proposed [15] . On the other hand, it is well known that FCS-MPC leads to spread voltage and current spectra [11] . To deal with this disadvantage, an FCS-MPC strategy that can shape the load current spectrum was proposed in [16] . Here, an apparent switching frequency is obtained by filtering the converter output current. Nevertheless, the resulting switch commutations remain unknown. Then in [17] , a dual-stage predictive controller was proposed to achieve a constant switching frequency. Here, FCS-MPC is used to quickly lead the system state closed to the reference. Then, a modulated explicit MPC is applied to finally achieve the desired system reference. Thus, a fast dynamic response is obtained during transients while a fixed switching frequency and commutations are achieved in the steady state. Even though combining two controllers might offer some advantages, this solution has been only proposed for high-frequency PWM converters.
Recently, an MPC method that generates a SHE-like pattern has been proposed in [18] . This approach is based on a sliding discrete Fourier transform (SDFT) that calculates voltage harmonics in real time. Thus, the MPC strategy uses this information to mitigate undesired harmonics. However, SDFTs require, in general, a large sampling window (at least one fundamental period) to properly calculate these harmonics. Therefore, the resulting closed-loop dynamic is forced to be slow.
In the study at hand, an MPC strategy that combines FCS-MPC with SHE-PWM in its formulation is proposed to govern MCs. The key novelty of this proposal is to define a desired steady-state operation point of the converter in terms of currents and voltages. Thus, based on this desired system state (converter current) reference, an associated precalculated SHE voltage pattern is considered as the required steady-state control input reference. Then, both the system state and the control reference are included into the cost function. As a result, the proposed predictive controller prefers to track the current reference during transients while preserving the SHE-PWM voltage pattern in steady state. Hence, a fast dynamic response is obtained throughout transients while a predefined voltage and current spectrum with low commutation frequency is achieved in steady state. This paper extends the preliminary work [19] given by a proper cost function design. Moreover, the quantization effect of the proposed predictive controller over the optimal SHE-PWM pattern is analyzed. Finally, experimental results of the proposed SHE-MPC strategy when governing a three-phase three-level H-Bridge (HB) converter are provided to validate the effectiveness of this proposal.
II. SELECTIVE HARMONIC ELIMINATION PULSE WIDTH MODULATION
In its simplest form, the solutions of the SHE-PWM mathematical optimization problem can be found assuming quarterwave (QW) symmetry of the output voltage [7] . Under this assumption, the dc component and even harmonics of the waveform are equal to zero and consequently not considered in the definition of the SHE-PWM problem. The normalized Fourier coefficients of the nth harmonic component for a three-level voltage waveform v SHE is given in general form by
where n is the order of the harmonic, N α is the number of switching angles (α i ) in the QW of the PWM waveform, and i ∈ {1, N α } is the order of each switching angle, as depicted in Fig. 1 . The system of equations includes control of the fundamental frequency component to the required level, as defined by the modulation index M , and elimination of N α − 1 low-order, nontriplen harmonics so that
where n ∈ {5, 7, 11, . . . , 3N α − 2} for odd N α and n ∈ {5, 7, 11, . . . , 3N α − 1} for even N α . Thus, the amplitude of the fundamental frequency componentv SHE,1 is given bŷ
where M ∈ (0, 0.91) stands for the modulation index. The trigonometrical system of equations defined by (2) and (3) mainly exhibits multiple solutions [20] . Therefore, a large number of methods have been proposed for the calculation of sets of solutions over the range of modulation indices, M . Due to the complexity of calculations involved these are typically performed offline and include numerical iterations, optimization techniques, genetic algorithms and the theory of resultants [7] . In this study, the solutions are acquired by minimizing a cost function defined as
where the SHE-PWM solutions provide a cost of zero, with the constraint of
The steps for formulating the SHE-PWM problem are similar when the method is applied to single-phase converters. The major differences between the two are that triplen harmonics need to be eliminated and the operation cannot be extended to the overmodulation region (M > π/4). Due to the inherent advantages of three-phase SHE-PWM, the rest of the paper will focus on three-phase converters but all the following steps are equally applicable to single-phase converters. Notice that, for three-level waveforms, multiple sets of solutions can be calculated in the higher modulation index range (M > 0.5) but the unique continuous solution facilitates SHE-PWM closed-loop implementation over the complete operating range and is, hence, considered in this paper. As a result, solutions that are acquired through the formulation of (5) provide elimination of the low-order harmonics from the converter output voltage spectrum. It is important to notice that alternative approaches vary the optimization goal to achieve targets other than complete elimination of the harmonics. Examples of such methods include 1) the minimization of the waveform THD or current harmonics (also known as optimized pulse patterns, OPP [8] ) and 2) the restriction of each individual harmonic to limits set by grid codes (selective harmonic mitigation, SHM [21] ).
III. FROM STANDARD FCS-MPC TO SHE-MPC
This section describes how the standard FCS-MPC strategy can be enhanced to achieve an SHE-PWM pattern without combining control strategies or using real-time Fourier transformations.
First, it is considered that the power converter to be controlled can be modeled, in a discrete-time state-space framework, via
where x(k) ∈ R n stands for the n-system states (e.g., currents and voltages) at each instant k and u(k) ∈ U ⊂ R m represents the m-control inputs of the power converter, i.e., the switch positions or voltage levels. Therefore, this kind of input belongs to an FCS of p elements, represented by
The control target is to track a desired converter reference, normally a sinusoidal waveform (e.g., output current), represented by
A standard predictive control approach to govern this class of power converters is FCS-MPC [12] .
A. Standard FCS-MPC
Standard FCS-MPC strategy operates in discrete time with sampling frequency f s = T −1 s and one-step prediction horizon. Thus, at each sampling time k, a measurement of the system state x(k) is taken and, then, a cost function is evaluated for each tentative control input element, u (k), in U . Generally, in power electronics, the cost function only considers a positive sum of the tracking errors for each controlled variable [12] . Thus, the standard horizon-one cost function can be expressed as
where x (k + 1) stands for the state predictions, generated by u (k), based on the power converter model (7). · 2 + · · · + (a n − a n ) 2 , for a pair of vectors a, a ∈ R n . Therefore, the optimal control input which minimizes the cost function (9) is then applied to the converter. Examples of FCS-MPC applied to power converters can be found in [10] - [13] , [22] - [31] .
B. Cost Function Formulation
Considering only the tracking error of the controlled variables in the cost function may lead, in general, to a poor closed-loop performance when controlling power converters [15] . Besides a fast dynamic response, it is also desired to obtain a reduced number of switch commutations and a predefined and fixed frequency spectrum. To achieve these inherent power electronics goals when using FCS-MPC, extra terms are normally added to the cost function; see, e.g., [32] .
Recently, an FCS-MPC design to govern power converters with guaranteed performance has been proposed in [33] . Here, the use of the input tracking error has been considered as
(10) where u (k) ∈ U is the tentative input combination that generates the predictions x (k + 1), and u (k) is the required input to keep the state reference, x (k), in steady state. Here, σ is a weighting factor that allows one to adjust a desired closed-loop performance. For faster dynamic, a smaller value for σ must be chosen; see [33] . Notice that when the system state is near its reference, x(k) ≈ x (k), the first part of the cost function tends to zero. Thus, the second term becomes the dominant term. This leads to an optimal control input, u(k), that tracks the input reference, u (k), during the steady state. Moreover, by using the cost function (10), stability and performance of the predictive closed loop can be guaranteed [33] - [35] .
C. Steady-State Reference Design
The proposed predictive controller is aimed to govern a power converter that is mathematically described as per (7), to track the following three-phase sinusoidal output current reference
where I represents the output current reference amplitude for all y ∈ {a, b, c}. Moreover, φ a = 0, φ b = −2π/3, and φ c = 2π/3.
To keep the desired current reference (11), the power converter must apply the following per-unit voltage in the steady state
Notice that m y (t) in (12) is a continuous (in magnitude) variable, i.e., m y (t) ∈ R. As shown in [33] , using m y (t) as an input reference in (10) may lead to a high switching frequency. Therefore, this paper proposes to use its associated optimal SHE-PWM pattern v SHE (t) that generates m y (t) as its fundamental component, as control input reference, i.e., u (k) = v SHE (k).
Then, considering that the optimal angles presented in Fig. 2 are stored in a lookup table, it is necessary to determine the modulation index m and the angle δ between the current reference and the required converter output voltage. Using these two parameters, one can read the SHE table to obtain the associated SHE voltage reference, v SHE (t), which is optimally obtained as described in Section II. This is expressed via
D. Proposed SHE-MPC
Finally, to achieve the desired three-phase sinusoidal currents with a predefined spectrum, the proposed SHE-MPC is implemented in discrete time by using the cost function, J(k) as per (10) , with x (k) and u (k) as the sampled value of (11) and (13), respectively, i.e.,
where v abc (k) stands for the converter output voltage levels. Thus, v abc (k) is the tentative control input voltage vector that leads to the current predictions i ab (k + 1). This relationship is given by the discrete-time converter model
As previously mentioned, the weighting factor σ(k) is used to adjust the closed-loop performance of the proposed predictive controller [33] . Thus, when a small value is chosen, i.e., σ(k) ≈ 0, J(k) in (14) will tend to the standard cost function J std (k) in (9) . This will enforce a fast dynamic response when a transient is detected while producing large commutations in the steady state. On the other hand, for a large value, i.e., σ(k) 0, a slow dynamic response will be obtained. However, an input close or equal to the control reference, i.e., v abc (k) ≈ v SHE (k), will be generated in the steady state, which will help to promote an SHE-PWM pattern on the converter output voltage. Motivated by this, the use of a variable weighting factor σ(k) is proposed in this study. First, a normalized system state deviation is introduced
where I max is the maximum amplitude of the current reference. Thus, the variable weighting factor is chosen as
This, after including saturations, becomes
where 0 ≤ σ min < σ max . Here, σ min allows one to adjust the closed-loop dynamic response of the controller while σ max determines how closely the resulting optimal control input can resemble the optimal SHE-PWM pattern during the steady state.
It is important to emphasize that, since v abc (k) is chosen to be the output voltage level, both v abc (k) and v SHE (k) in (10) belong to the same FCS U 3 . This makes the SHE-PWM reference (13) compatible with the actual system input. Nonetheless, since the proposed FCS-MPC works in discrete time, v SHE (k) is a sampled-version of the optimal v SHE (t). Therefore, proper cancellation of undesired harmonics could be compromised. Effects of the sampling over the resulting SHE-PWM pattern are studied in Section V-A.
IV. CASE STUDY: THREE-LEVEL HB CONVERTER
To highlight its benefits, in this section, the proposed SHE-MPC is used to govern a three-phase three-level HB converter, where each HB cell is electrically fed with isolated dc-voltage sources as shown in Fig. 3 . For the sake of the clarity, only a passive RL-load is considered as in [18] . Further cases, such as grid-connected converters and electrical drives will be studied in a future work.
A. Continuous-Time Model
Considering the three-level HB converter depicted in Fig. 3 , by using simple circuit analysis, the following continuous-time dynamic model for each output current can be obtained
where v y N (t) stands for the total converter output voltage per phase, and
is the vector that represents the levels of the converter output voltage. Additionally, v 0N (t) is the, so-called, common-mode voltage, which is given by
B. Discrete-Time Model
In this study, the proposed SHE-MPC for a three-phase threelevel HB converter is formulated in the original abc-framework. Moreover, the use of the phase voltage levels as control input is considered. Thus, only 27 input (voltage level) combinations needs to be evaluated (instead of 64 when considering power switches). Therefore, the system state and control input are chosen as
where i c (k) = −(i a (k) + i b (k)) and the input, v abc (k), belongs to the following FCS:
Therefore, by applying a simple forward Euler discretization to (19) with a sampling period of T s , the HB converter adopts the discrete-time model in (15) with
A block diagram of the proposed SHE-MPC strategy is also included in Fig. 3 . Inside this block, the reference design block receives the current reference I which is limited by
where, from (4),v max = (4 × 0.91V dc )/π and
L with X L = ωL. For the three-phase three-level converter shown in Fig. 3 , the modulation index and the angle between the applied voltage and current are defined as
After that, the function SHE(·, ·) reads the lookup table and gives v SHE , to keep the desired current reference (11) in the steady state. Consequently, the optimal converter output voltage level given by the proposed SHE-MPC is the one that minimizes the cost function (14) (27) which is obtained by evaluating all the possible voltage level combinations (v abc ∈ U as per (23)) in J(k). Then, a sorting algorithm (SA) to spread the power losses among the power switches is used to finally implement the optimal converter output voltage level, i.e.,
J(k)
V. RESULTS
In this section, numerical and experimental results are provided to adjust and validate the effectiveness and performance of the proposed SHE-MPC when governing a three-phase threelevel HB converter.
A. Quantization Effect Over the Optimal SHE-PWM Pattern
When solving the optimization problem presented in Section II, for a given modulation index M , a set of N -optimal continuous-valued angles, α j ∈ (0, π/2), is obtained. Thus, it is possible to generate, for one fundamental period, a continuous SHE-PWM pattern v SHE (t). Unlike SHE-PWM implementations that store the angles in a lookup table, the proposed SHE-MPC requires one to store a sampled version of this pattern, v SHE (k). To do this, the same sampling frequency, f s , used by the FCS-MPC is considered. Thus, the sampled-version of the N -optimal angles,α j , is constrained to belong to the following finite setα
where
Here, N s stands for the number of samples within a fundamental period T = 1/f o . Therefore, the sampling process introduces a quantization effect on the optimal angles which can be represented bŷ
where η(f s ) is the resulting quantization noise that depends on the sampling frequency, f s , and is bounded by Then, to read the lookup table to obtain the voltage reference, v SHE (k), the voltage reference angle, δ , is restricted to belong to the following finite set:
As a consequence of this quantization, the elimination of undesired harmonics may be compromised since the quantized angles may differ from the optimal ones, i.e.,α j = α j . This quantization effect is depicted in Fig. 4 for the case of N α = 5 angles to eliminate the 5 th , 7 th , 11 th , and 13 th harmonics with a fundamental frequency of f o = 50 Hz. Here, one can clearly see that as the sampling frequency is increased the harmonic cancellation is improved. Moreover, with a sampling frequency larger than 20 kHz, the amplitude of these four harmonics is reduced to a value smaller than 5% for M ∈ (0.2, 0.91). Consequently, the proposed SHE-MPC is implemented with f s =20 kHz, which implies a quantization error less than 0.45
B. Weighting Factor Selection
One of the key features of the proposed predictive controller is related to the ability to provide a desired SHE-PWM pattern in the steady state. In this condition Δi(k) ≈ 0; thus, the variable weighting factor in (18) becomes σ(k) ≈ σ max . Consequently, the controller setting that helps to provide an SHE-PWM pattern is σ max . To see the effect of σ max over the SHE-PWM pattern, v SHE (k), the optimal converter voltage provided by the proposed SHE-MPC, v op abc (k), during the steady state for several values of σ max is compared in terms of the resulting standard deviation (SD), i.e.,
where N s is as per (30) . The simulation result of this analysis is presented in Fig. 5 . Here, it is possible to observe that when σ max < 0.001, the optimal converter voltage provided by the SHE-MPC differs from the desired SHE-PWM pattern, i.e., v op abc (k) = v SHE (k). In fact, when σ max = 0, the proposed SHE-MPC becomes the standard FCS-MPC, since J(k) = J std (k); see Section III. On the other hand, σ max cannot be too large since it can reduce the closed-loop performance; see [33] . Consequently, a value of σ max = 0.01 is chosen. During transients, i.e., Δi(k) 0, the weighting factor becomes σ(k) ≈ σ min . To ensure a fast dynamic response, a relatively small value compared to σ max must be chosen. However, it cannot be too small to avoid obtaining a standard FCS-MPC behavior. In this case, it is chosen as σ min = 0.001, since this value still can provided an acceptable SHE-PWM pattern, as observed in Fig. 5 . It is important to note that this value is only applied for a short time, since σ(k) increases as the output current approaches to its reference, i.e., Δi(k) −→ 0. Finally, the controller setting λ is tuned to obtain a smooth transition between σ min to σ max . If this parameter is too small, i.e., λ ≈ 0, then σ(k) ≈ σ max , which will dramatically reduce the dynamic response of the controller. Conversely, if λ is too large, then σ(k) ≈ σ min , which will deteriorate the steady-state SHE-PWM pattern. The selection of this parameter strongly depends on the natural converter dynamics. Therefore, it has to be adjusted throughout simulations. As an initial value, it is suggested to tuned it as λ = 1. Then, it can be varied to obtain a desired closed-loop dynamic performance.
C. Experimental Validation
The main system parameters of the experimental setup are presented in Table I . The control algorithm was implemented on a dSPACE DS1106 system, where the proposed strategy was programmed in C. To account for the linear controllers, a PWM stage to trigger the power switches was implemented in a DS5203 FPGA board.
As an initial test, a step change in the current reference from 9 to −11 A is applied with an SHE-PWM pattern with N α = 5 angles, as depicted in Fig. 2(a) . First, the converter is governed with a standard PI controller which generates the reference for the SHE-PWM modulator. This PI controller is initially designed to obtain a closed-loop bandwidth of 90 Hz (PI 90 ), yielding to the converter voltages and currents depicted in Fig. 6 . Additionally, a dq representation of the load current is also included. Here, one can observe that the resulting currents present a nondesired steady-state oscillation. Moreover, the controller introduces more commutations than those required by the optimal SHE-PWM. To improve this, a second PI controller set with a lower closed-loop bandwidth of 30 Hz (PI 30 ) is tested. The results are presented in Fig. 7 . Here, it is possible to see that, in steady state, the number of commutations is closer to the optimal SHE-PWM pattern when compared to the PI 90 case. However, during the transient, a slower closed-loop dynamic is achieved due to the reduced controller bandwidth. Moreover, a slight steady-state oscillation can be observed.
Then, the same test is performed when the converter is governed by the proposed SHE-MPC strategy. This result is depicted in Fig. 8 . For a current reference of 9 A and the given load, the required steady-state modulation index and voltage angle are m = 0.60 and δ = 38
• , respectively. As can be seen in Fig. 8(g) , initially during the steady state, the weighting factor adopts a value close to σ max = 0.1. Therefore, in this situation, the steady-state SHE-PWM pattern prevails; see Fig. 5 . Then, at the instant t = 40 ms, a voltage step to −11 A is introduced. This produces an increment in the converter current deviation Δi(k). The proposed SHE-MPC responds to this variation by decreasing the weighting factor σ(k). Thus, the predictive controller modifies the SHE-PWM pattern to quickly (about 5 ms) lead the current to its new reference. After this transient, the proposed SHE-MPC adopts the new optimal SHE-PWM pattern to maintain the desired −11A during the steady state, i.e., m = 0.78 and δ = −142
• . Regarding the steady-state performance, the resulting converter voltage spectra for each controller previously tested are presented in Fig. 9 . Here, one can observe that the low-frequency 
harmonic elimination target is not achieved when using conventional PI controllers. For instance, when using the PI 30 controller, the fifth harmonic presents an amplitude of 2.13% of the fundamental component. In the case of using the PI 90 controller, this harmonic is even larger, 5.62%. Clearly, the PI 90 controller is trying to cancel high-order harmonics due to its relatively large bandwidth. On the other hand, the PI 30 controller generates a voltage spectrum closer to the optimal SHE-PWM pattern but with lower dynamic response. For the proposed SHE-MPC, the resulting harmonic amplitude is 0.68%. The resulting low-order harmonics are not exactly zero as shown in Table II predictive controller uses sampled version of the actual optimal SHE-PWM pattern [see Fig. 9(d) ]. This slightly modifies the resulting spectrum, as discussed in Section V-A. Therefore, the proposed SHE-MPC is the only controller, here analyzed, that can properly track the optimal SHE-PWM pattern with a relatively small error. Notice that the PI controllers also introduce interharmonics due to the current tracking oscillation, which are not observed with the proposed SHE-MPC strategy. It is also important to emphasize that the proposed predictive controller is able to achieve an optimized voltage pattern (SHE-PWM in this case) using only a horizon-one prediction. This is a major contribution since, until now, only long-horizon predictive control formulations have been shown to have the potential to achieve a performance similar to that of optimized voltage patterns [27] . To test the transient between two sets of SHE-PWM patterns, in Fig. 10 a step in both amplitude and frequency is introduced. Here, the current is reduced from 11 to 5.5 A while the fundamental frequency is also reduced from 50 to 25 Hz. This case is particularly relevant for drives applications. When this change is applied, the SHE-PWM pattern goes from N α = 5 to N α = 7 angles. In Fig. 10(f) , one can observe that the proposed predictive controller leads the current to its new reference in about 5 ms. This clearly shows that the proposed SHE-MPC strategy can easily handle multiple SHE-PWM patterns.
VI. CONCLUSION
In this paper, a predictive control formulation for power converters that achieves closed loop when using SHE-PWM has been proposed. As evidenced by the results, the proposed SHE-MPC strategy exhibits a fast closed-loop dynamic. To achieve this, the predictive controller slightly modifies the optimal SHE-PWM pattern during transients. Regarding the steady state, the proposed SHE-MPC is able to resemble the optimized voltage pattern without introducing undesired commutations or oscillations. Consequently, the targeted low-order harmonics are effectively canceled. This is a major advantage of the proposed SHE-MPC when compared to converters governed by conventional PI controllers. Moreover, this is accomplished using only a one-step prediction which is a major contribution since, until now, only long-horizon predictive control formulations have been shown to have the potential to achieve a performance similar to that of optimized voltage patterns [27] . In this paper, the proposed predictive controller has been successfully combined and tested with an SHE-PWM pattern. However, it can be easily extended to be used with other optimized patterns, such as OPP and SHM.
Future work will be focused on the robustness of the proposed predictive control strategy. Additionally, based on the results presented in this study, novel predictive control strategies with OPP can be developed for more complex cases such as gridconnected converters and drives.
